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MEMORY SENSE SCAN CIRCUIT AND TEST 
INTERFACE 

FIELD 

[0001] Embodiments of the invention relate generally to 
memory devices, and more speci?cally to circuits and pro 
cesses for memory scan and test procedures. 

BACKGROUND 

[0002] A sense ampli?er generally senses the value of a bit 
stored in a memory cell of a RAM (random access memory) 
integrated circuit. Sense ampli?er performance has a signi? 
cant effect on memory access time and poWer use, conse 
quently they are relatively critical circuits in the periphery of 
RAM devices. Most memory input/output (IO) circuits con 
sist of a sense ampli?er folloWed by a latch. If the memory is 
pipelined then this output latch is folloWed by at least another 
latch, if not a full ?ip-?op circuit. FIG. 1A is a circuit diagram 
of a memory circuit With a sense ampli?er as knoWn in the 
prior art. Circuit 100 includes a memory cell 106, pre-charge 
circuit 106, isolation circuit 104, and sense ampli?er 102. 
Circuit 100 represents a cross-section of the read data path for 
a single column for a typical RAM memory array. Sense 
ampli?er 102 examines the bit line 101 to determine Whether 
a logic 1 or logic 0 is stored in cell 106. The sense ampli?er 
102 is activated When the Set Sense Amp (SSA) signal 103 
goes high. Proper timing of the SSA signal is critical as it is 
used to determine When the data on the bit lines is sensed. 
Incorrect timing of this signal can lead to memory errors even 
When the correct binary value may be stored in the cell 106. 
For implementation Within a multi-cell memory array, each 
sense ampli?er is folloWed by one or more latch or ?ip-?op 

circuits (not shoWn). 
[0003] Many memory devices feature scannable IO to 
facilitate boundary scan testing in Which interconnects and 
memory circuits are tested Without the use of physical test 
probes. Test cells are connected to each pin of a memory 
device to selectively override the functionality of that pin. The 
boundary scan latch cells are con?gured so that in normal 
mode, they have no effect on circuit operation, and in test 
mode, they enable a data stream to be passed from one latch 
to the next. For scannable IO, any output latch or ?ip-?op 
circuit must also be scannable. 
[0004] Scannable IO circuits are used extensively in 
pseudo-dual port (pdp) memory architectures in Which the 
memory array is accessed tWice Within the same cycle using 
a memory prechargeidata transfer cycle. FIG. 1B illustrates 
a knoWn memory access cycle for a typical pdp memory 
device. For a single cycle of the clock signal 122, the memory 
is accessed in a Read/Precharge/Write/Precharge sequence 
124. The sense ampli?er circuit is activated at the end of the 
read cycle and has the read data, 126, and at some point before 
the end of the clock cycle, the data is stored in a latch, 128. For 
a pipelined memory, the data should be output from the 
memory at the end of the clock cycle 122. HoWever, for the 
timing shoWn in FIG. 1B, it is not possible to hold the data in 
the sense ampli?er until that time, because of the need to 
precharge the sense ampli?er in preparation for the next read. 
The precharge cycle puts the bits in a state Where they can be 
read. This requires the use of an output latch to store the data 
prior to a neW read cycle, 1 10. This results in the need for three 
storage elements, the sense ampli?er, the ?rst latch 128 and 
the second latch (output) 130 connected to the output pin. The 
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sense ampli?er holds the valid data from the point Where it is 
successfully sensed, until it is precharged. The ?rst latch 
holds the data until some time after the data is sensed after the 
clock edge, and the second latch holds the data from edge to 
edge. In many current scannable memory 10 circuits, the 
output latch is a conventional multiplexed ?ip-?op circuit. 
Alternative knoWn circuits may employ a dual ?ip-?op in 
place of the output latch, in Which case the scan circuit com 
prises a sense ampli?er and three latches. Such circuits add 
signi?cant complexity to the memory 10 stage and can take 
up signi?cant chip space in the ?nished integrated circuit (IC) 
device. 
[0005] Signi?cant space on memory IC’s can also be taken 
up by circuitry that facilitates in-circuit or self-testing of 
memory devices. Current systems that perform built-in self 
test (BIST) functionality generally implement area intensive 
parallel tests that can consume signi?cant die area in memory 
IC’s. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Embodiments of the present invention are illus 
trated by Way of example and not limitation in the ?gures of 
the accompanying draWings, in Which like references indicate 
similar elements and in Which: 
[0007] FIG. 1A is a circuit diagram of a memory circuit 
With a sense ampli?er as knoWn in the prior art. 
[0008] FIG. 1B illustrates a knoWn memory access cycle 
for a typical pdp memory device. 
[0009] FIG. 2 illustrates a memory timing cycle for a 
memory sense scan circuit, under an embodiment. 
[0010] FIG. 3 is a transistor-level illustration of a memory 
sense scan circuit, under an embodiment. 

[0011] FIG. 4 is a transistor-level illustration of the output 
latch and scan multiplexer for a memory sense scan circuit, 
under an embodiment. 

[0012] FIG. 5A illustrates the incorporation of a BIST com 
ponent With a test Wrapper for testing of a memory array, as 
currently knoWn. 
[0013] FIG. 5B is a block diagram that illustrates a conven 
tional memory test Wrapper, as knoWn in the prior art. 
[0014] FIG. 6A illustrates a memory circuit that can be used 
in conjunction With a memory test interface, under an 
embodiment. 
[0015] FIG. 6B illustrates the memory circuit of FIG. 5 
including a fully integrated test Wrapper, under an embodi 
ment. 

[0016] FIG. 7 is a ?owchart that illustrates the timing 
sequence for performing a boundary-scan test, according to 
an embodiment. 

[0017] FIG. 8 illustrates a fanout block system that applies 
a test pattern to a number of memories, under an embodiment. 
[0018] FIG. 9 is a block diagram of a fanout block for the 
test structure of FIG. 8, under an embodiment. 
[0019] FIG. 10 is a gate-level illustration of a per-memory 
test slice circuit for the fanout block of FIG. 9, according to an 
embodiment. 

DETAILED DESCRIPTION 

[0020] Embodiments of a scannable IO circuit featuring 
reduced latch count for pipelined memory architectures are 
described. A unique test methodology and test Wrapper for 
such a circuit is also described. For a pipelined memory 
system performing at speed tests, the timing sequence for 
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processing a test command comprises a precharge-read-pre 
charge-Write sequence for each clock cycle starting With the 
rising clock edge. The memory circuit utilizing this test com 
mand timing sequence comprises a sense ampli?er and a 
single latch. The sense ampli?er itself is used as a latch to 
implement scan functionality for the memory circuit. This 
signi?cantly reduces the chip space required as compared to 
conventional sense ampli?er circuits that utiliZe a ?ip-?op 
circuit as part of the output latch circuit. 

[0021] In certain implementations, the memory device fea 
turing a simpli?ed output latch circuit is incorporated into an 
integrated test Wrapper circuit that executes back-to-back 
commands through serial compare operations using inte 
grated scan ?ip-?op circuits. The test Wrapper includes a 
fanout block and padded address scheme for testing multiple 
and disparate siZe memory devices in parallel. 
[0022] In the folloWing description, numerous speci?c 
details are introduced to provide a thorough understanding of, 
and enabling description for, embodiments of the memory 
sense scan circuit and integrated memory test Wrapper sys 
tem. One skilled in the relevant art, hoWever, Will recogniZe 
that these embodiments can be practiced Without one or more 
of the speci?c details, or With other components, systems, etc. 
In other instances, Well-knoWn structures or operations are 
not shoWn, or are not described in detail, to avoid obscuring 
aspects of the disclosed embodiments. 
[0023] Current scannable memory systems that execute 
built-in self-test (BIST) routines typically require a signi? 
cant number of extra latches to properly latch read/Write data 
during each clock cycle When processing sequential test com 
mands consisting of test vectors. In one embodiment, the 
conventional timing sequence illustrated in FIG. 1B is modi 
?ed to facilitate the use of a memory sense scan circuit that 
features a reduced latch count and space requirement. FIG. 2 
illustrates a memory timing cycle for a memory sense scan 
circuit, under an embodiment. As shoWn in FIG. 2, the 
memory timing is modi?ed to a Precharge-Read-Precharge 
Write sequence 204 for a clock cycle 202. The order of 
operations is fundamentally the same as in present systems, 
hoWever, the relationship to the clock signal 204 is changed. 
It is essentially shifted back in time to delay the period of time 
in Which the sense ampli?er has read data until the rising 
clock edge. The sense ampli?er holds the data until the end of 
the clock period, 206. This delays the precharge requirement 
until the beginning of the next cycle, unlike present systems in 
Which the sense ampli?er only holds the data until the start of 
the second precharge, and requires latches to hold the data for 
till the beginning of the neW clock cycle. Although the timing 
shoWn in FIG. 2 delays the read operation, for a pipelined 
memory delaying the read does not affect memory timing 
since the read data is not required until after the rising clock 
edge. As shoWn in FIG. 2, once the sense amp had the read 
data 206 it is passed to an output latch 208. This scheme 
requires only a single latch, thus reducing the memory sense 
scan circuit to a sense ampli?er and one latch. In one embodi 

ment, the timing diagram of FIG. 2 illustrates a memory 
circuit that is con?gured to operate in pseudo-dual pumped 
memory in Which the clock is operated at tWice the normal 
operating frequency so that read and Write operations operate 
in single cycles. 
[0024] In one embodiment, the sense ampli?er itself is a 
latch that is also utiliZed to implement the scan functionality. 
FIG. 3 is a transistor-level illustration of a memory sense scan 

circuit, under an embodiment. Circuit 300 illustrates the 
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memory sense scan circuit through a column-multiplexed 
four-bit memory With bitlines connected to a read path, and 
that supports memory repair. The memory is typically used in 
pipeline mode, Which requires the data to be valid for a full 
clock cycle. Each bit line, denoted b0-b3 is input through a 
differential transistor pair and is then subject to precharge 
equaliZation signals prior to input to a sense ampli?er circuit. 
[0025] As shoWn in FIG. 3, the top level of transistors 301 
comprising transistor pairs 302, 304, 306, and 308 are the 
precharge lines that are driven by pcXn (pcOn, pcln, pc2n, 
and pc3n) signals. These transistors are used to restore the 
bitlines to the supply voltage (Vdd) level. The second set of 
transistors comprising transistor pairs 310, 312, 314, and 316 
comprise the read column multiplexer circuit 309, and are 
drives by respective se/xn signals (sel0n, sel1n, sel2n, and 
sel3n). These transistors select Which of the four bitlines 
b0-b3 are connected to the sense ampli?er circuit 317. The 
sense ampli?er stage 317 consists of tWo precharge transis 
tors 318 and 320 driven by a sns_pc signal and cross-coupled 
sense ampli?er transistors 322 and 324 With a tail transistor 
326 driven by the sns signal. 
[0026] The general operation of the sense ampli?er of cir 
cuit 300 is for it to be initially in a precharged state, With both 
bitlines raised to Vdd. For normal memory operation, the 
column multiplexer 309 is used to connect the sense ampli?er 
317 to one of the bitline pairs. The precharge cycle is termi 
nated and a small voltage differential is developed on the 
bitlines, and passed on to the sense ampli?er 317 through the 
column multiplexer 3 09. To sense the data, the sense ampli?er 
is disconnected from the bitline, and the sns signal is driven to 
a logic high state. The cross-coupled NMOS transistors then 
rapidly amplify the difference betWeen the bitlines until a full 
sWing signal is developed. The cross-coupled PMOS transis 
tors help to develop the full sWing signal. 
[0027] The fourth stage of circuit 300 is a repair multiplexer 
stage 327 that comprises transistors 328, 330, 332, and 334. 
This stage is used to connect a number, N+l sense ampli?ers 
and bitlines to N output latches. This alloWs a faulty bit, 
bitline, or sense ampli?er to be bypassed. In one embodiment, 
the repair multiplexer stage 327 is a bidirectional multiplexer 
to facilitate the transmission of scan signals to and from the 
memory circuit 300. The sense ampli?er circuit 317 is used as 
the ?rst latch in the scan ?ip-?op circuit. The use of a sense 
ampli?er that functions as a latch in combination of a repair 
multiplexer stage that is bidirectional adds scan-ability to 
memory circuits that are not scannable, or maintains scan 
ability While alloWing the reduction of circuitry. 
[0028] FIG. 3 illustrates a sense ampli?er circuit for a read 
path. It should be noted that a similar circuit is used for a Write 
path. In one embodiment, the sense ampli?er circuit 317 
comprises the ?rst latch in the scan ?ip-?op circuit, thus 
reducing the space required on the manufactured IC device. 
[0029] FIG. 4 is a transistor-level illustration of the output 
latch and scan multiplexer for a memory sense scan circuit, 
under an embodiment. Circuit 400 includes a latch 402 that 
consists of transistors 404 and 406. This latch circuit is pulsed 
on the rising edge of clock 202 and holds the data for a full 
clock period. The latch 402 is a transparent loW type latch that 
has the feature that if both inputs are logic high, the latch 
holds the current value. The enable signal is pulsed loW on the 
rising edge of the clock. This captures the output of the sense 
ampli?er. There is a race betWeen the capture of data in the 
latch, and the precharge of the sense ampli?er. Since the 
precharge of the sense ampli?er Will drive both lines to one 
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(logic high), the only care that needs to be taken is to provide 
enough time for the latch to sWitch. Once the latch has 
switched, the precharge of the sense amp Will only cause the 
output latch to hold the same data. 
[0030] For the scan circuitry, four transistors are added to 
the datapath, tWo of Which are driven by the scan_ph0 signal 
(transistors 404 and 406, and tWo NMOS only output isola 
tion devices (transistors 408 and 410). To scan data, the scan_ 
phO line is selected instead of one of the column multiplexers. 
The scan_out and scan_outn signals from transistors 408 and 
410 are for connecting to an adjacent read stage, and the Q 
output is for anything other than connecting to an adjacent 
read stage. In the same part of the clock cycle in Which data 
Would be read from the memory array, the sense ampli?er is 
used to latch the value from the adjacent bit. On the next rising 
edge of the clock, it is then transferred to the output latch. The 
sense ampli?er is used as the ?rst half of the latch circuit for 
this purpose. The use of the sense ampli?er in this manner 
effectively reduces the siZe of the output latch circuit for each 
memory cell in the array. 

Memory Test Wrapper Interface 

[0031] In one embodiment, the memory circuit of FIGS. 3 
and 4 can be used in a memory test regime that scans in and 
out test vectors for execution of at speed tests. The test pat 
terns are then processed and compared in test Wrapper circuit 
that may be include a fan-out block. The test process gener 
ally involves scanning the test vectors into memory, applying 
the read addresses and Write addresses, scanning out the data 
and comparing the scanned in and scanned out data. In one 
embodiment, the test process is an at speed test, Which pro 
vides a much better indication of memory faults. The test 
regime utiliZes the timing pattern illustrated in FIG. 2, that is, 
a precharge/read/precharge/Write pattern. For at least tWo 
commands in a roW, such a pattern comprises a read operation 
surrounded by Write operations, and a Write operation sur 
rounded by read operations. In one embodiment, these sur 
rounding operations are used to effectively sensitiZe the 
memory for at speed faults. For example, if a Zero is being 
read, it can be preceded With a Write one and folloWed by 
another Write one. This at speed test Will cause a failure if the 
next Write drive happens early, or if the precharge before the 
read is Weak. This results in a superior test scheme in Which a 
next command may not necessarily stress the memory circuit 
to the same degree. Such a test scheme requires tWo Write 
operations With possibly different data, and the ability to hold 
tWo commands for at tWo full clock cycles. 
[0032] In general, the test procedure performed by the inte 
grated test Wrapper comprises executing back-to-back com 
mands at speed and serially comparing the test data With the 
scanned data With integrated scan ?ip-?op circuits. The inte 
grated test Wrapper also implements an address padding 
mechanism to facilitate parallel testing of disparate siZe 
memories. This mechanism effectively pads all addresses so 
that maximal address and data can be scanned, With any 
excess data passing through the memory. 
[0033] Embodiments of the test procedure and test Wrapper 
circuit can be used With a core memory in Which the memory 
circuits employ a timing sequence as shoWn in FIG. 2. In an 
alternative embodiment, the memory circuits can employ a 
conventional timing sequence as shoWn in FIG. 1A. 
[0034] FIG. 5A illustrates the incorporation of a BIST com 
ponent With a test Wrapper for testing of a memory array, as 
currently knoWn. As shoWn in circuit 520, a BIST component 
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526 issues commands to the memory array 522 to perform 
read and Write operations to each memory cell of the array. 
The test Wrapper interface consists of address and control 
circuitry, as Well as data input and data output interface cir 
cuitry to perform the test signal transmission and compare 
functions for the memory 522. 

[0035] FIG. 5B is a block diagram that illustrates a conven 
tional memory test Wrapper, as knoWn in the prior art. The test 
Wrapper 530 includes address control circuitry 532 to gener 
ate the appropriate address of the memory cell under test 
Within memory array 531. The test pattern is generated by a 
pattern controller 536 and data generator 538, and a read/ 
Write controller 534 determines Whether the test pattern is 
Written to the memory or read from the memory. A compara 
tor circuit 540 compares the test pattern Written to the 
memory cell With the pattern that is read from the cell to 
determine Whether or not the memory passes or fails the 
memory test. Depending upon the actual memory architec 
ture and implementation, one or more elements of test Wrap 
per 530 may be shared among multiple memory arrays Within 
an overall system or may be incorporated as part of the 
memory circuit itself. For dual port memories, the test Wrap 
per circuitry can become quite complex and occupy a signi? 
cant amount of space on the memory die. An additional dis 
advantage associated With the test Wrapper circuit of FIGS. 
5A and 5B is that a test procedure that comprises the opera 
tions of scanning in a test pattern, applying the read address/ 
Write address, scanning the data out, and comparing the data, 
cannot be used to perform at-speed testing of the memory. 
[0036] In one embodiment, a test Wrapper circuit for inter 
facing a BIST module With a memory array utiliZes integrated 
scan ?ip-?op circuits to perform serial compare operations on 
back-to -back commands for at- speed test operations. In order 
to implement effective at-speed testing capability, in one 
embodiment, the test pattern consists of at least tWo com 
mands in a roW With the folloWing timing sequence: read/pre 
charge/Write/pre-charge/read/pre-charge/Write/pre-charge. 
Alternatively, the sequence canbe shifted to: pre-charge/read/ 
pre-charge/Write/pre-charge/read/pre-charge/Write. These 
types of patterns result in a read operation preceded and 
folloWed by Write operations, and a Write operation preceded 
and folloWed by read operations. This pattern effectively 
sensitiZes the memory for detection of at-speed faults. For 
at-speed tests it is generally more effective, When trying to 
read a Zero, to Write a one before and after the Zero. Likewise, 
When trying to read a one, it is better to Write a Zero before and 
after the one. This type of test pattern Will generally catch 
faults due to Weak pre-charge steps or early Write operations. 
[0037] FIG. 6A illustrates a memory circuit that can be used 
in conjunction With a memory test interface, under an 
embodiment. Memory circuit 600 comprises a memory core 
602 and peripheral control logic including output circuit 604 
and input circuitry 606 for controlling the reading and Writing 
of data to and from the memory core 602. In one embodiment, 
the memory core 602 can include a plurality of memory cells 
incorporating a sense ampli?er circuit as illustrated in FIG. 3. 
The memory circuit 600 may be embodied in embedded 
RAM applications, and that can be used With a fully inte 
grated test Wrapper that facilitates a built-in self-test (BIST) 
mechanism for production testing of the memory IC. The 
BIST mechanism veri?es all or a portion of the memory 
operation of the IC. A test Wrapper is integrated With the 
memory circuit to receive test information scanned in from a 
BIST processor. Logic circuitry associated With the test Wrap 
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per is con?gured to generate the address, data, and command 
signals based on the scanned test information. 

[0038] FIG. 6B illustrates the memory circuit of FIG. 6A 
including a fully integrated test Wrapper, under an embodi 
ment. The test Wrapper circuit includes registers 622-630. 
Registers 622 and 624 generate a second set of read addresses 
(RAI[n:0]), and registers 626 and 628 generate a second set of 
Write addresses (WAI[n:0]). An OCE control signal 612 is 
used to select Whether the output DQ register 614 should 
capture the result of the ?rst or second read operation. A Write 
pattern register 610 provides the Write data for the extra Write 
operation. This is a tWo-bit pattern that is repeated across the 
memory. For a 256-bit Word memory, a test Wrapper, such as 
that shoWn in FIG. 6B adds eight read and Write address lines 
and tWo read enable and Write enable lines, and approxi 
mately six other control lines. For the embodiment in Which 
the memory core utiliZes memory circuits as illustrated in 
FIG. 3, the latches are all scannable. 

[0039] For the embodiment illustrated in FIG. 6B, the test 
Wrapper operates With tWo basic input signals denoted mtst_ 
scan 618 and atpg_cmd 616. When operating in ATPG mode, 
memory operation is disabled, and the Write, read, and 
address registers have no value. In the MTST_SCAN mode, 
all of the registers in the memory are connected into a single 
scan chain, and the memory operation is disabled to prevent 
accidental triggering. The MTST mode is used to perform the 
test scan operation. FIG. 7 is a ?owchart that illustrates the 
timing sequence forperforming a boundary-scan test, accord 
ing to an embodiment. The MTST_SCAN process begins by 
applying a test pattern, block 702. The test step using this 
pattern uses three rising edges of a clock signal, and is oper 
ated at a desired frequency for performing an at speed test. 
The ?rst clock edge launches the ?rst command, block 704. 
The second clock edge launches the second command, and 
also captures the read data from the ?rst command, block 706. 
The third clock edge then captures the second command. 
During the test procedure, the process of scanning in a neW 
command causes the result data to be scanned out. In one 
embodiment, the order of the scan chain is: address/ 
controlQWd[n:0]Qdq[n:0]. 
[0040] The test Wrapper circuit of FIG. 6 can be used in an 
overall test structure that propagates the memory command 
from a test controller and applies it to a number (N) of memo 
ries in parallel. FIG. 8 illustrates a test structure that applies 
the test pattern to a number of memories, under an embodi 
ment. In test structure 800, a test controller generates test 
patterns and compares the scanned in and scanned out data 
patterns to determine the quality and proper operation of the 
memory devices under test. The test controller can be con?g 
ured to transmit the test patterns to any number of memory 
test blocks, such as memory test blocks 804 and 806. Each 
memory test block contains a number of memories that 
include an integrated test Wrapper circuit, such as that illus 
trated in FIG. 6. Each memory test block also includes its oWn 
fanout block, 808 and 812. Each fanout block propagates the 
test pattern and control signals to all of the integrated test 
Wrapper memories Within its memory test block. Thus, as 
shoWn in FIG. 8, fanout block 808 propagates the test signals 
from test controller 802 to memory devices 810 Within block 
804, and fanout block 812 propagates these same test signals 
to memory devices 814 Within block 806. 

[0041] In one embodiment, the test structure 800 operates 
from a chip clock tree that operates at full clock speed so that 
at speed testing is performed. The scan paths from each fanout 
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block to their respective memories is constrained to be single 
cycle at speed. If necessary, additional pipeline registers can 
be added. An extra clock gate signal is also driven from the 
fanout block, and is used to gate the clock for the test/ scan 
operation. This clock gate component can also be integrated 
into the test Wrapper circuit. 
[0042] FIG. 9 is a block diagram of a fanout block for the 
test structure of FIG. 8, under an embodiment. The fanout 
block 900 of FIG. 9 is a one-to-four block that propagates test 
and control signals to four different integrated test Wrapper 
memories. Such a fanout block can be con?gured to Work 
With any number of memory devices. Fanout block 900 
includes a per-memory test slice circuit 910-916 for each 
memory to Which it is connected. Each test slice circuit 
receives input from a test pattern generator 904, Which is 
controlled by a current bit counter 902. Each test slice circuit 
receives a test pattern as a reference pattern. It also receives a 
corresponding pattern from its respective memory and per 
forms a compare operation on the tWo patterns. Any memory 
faults are passed on to a repair vector compression circuit 906. 

[0043] In one embodiment, the fanout block is con?gured 
to operate With memories that are of the same siZe. HoWever, 
in certain applications, the memories under test may not all be 
of the same siZe. One solution is to separate each fanout block 
for each different siZe of memory. Alternatively, the test struc 
ture employs a method that tests all possible memory siZes in 
parallel With a single Wrapper. The test pattern is applied to 
accommodate the largest memory Within the array. Each 
memory includes a pin that is con?gured to cause the memory 
to ignore test patterns that are too large or portions of test 
patterns that exceed the siZe of the memory. Thus, any 
memory that is smaller than the largest siZe Would ignore the 
larger test patterns or excess portions of the test patterns. For 
this embodiment, the scan chain length for the commands is 
the same for all memories. For example, if the largest memory 
Was 512 Words, a 64-bit deep memory Would need 12 (3*4) 
dummy registers on the MTST_SCAN chain. This mecha 
nism Would line up the data and command Words on all of the 
memories. Full Width data is sent to all memories, and simply 
scans through in the smaller memories. In the comparison 
step, only the number of bits that correspond to the Width of 
the memory are considered, and the rest are ignored. Entire 
steps that apply to Words not in the memory are also ignored. 
[0044] FIG. 10 is a gate-level illustration of a per-memory 
test slice circuit for the fanout block of FIG. 9, according to an 
embodiment. As shoWn in circuit 1000, a ?rst logic stage 
receives the reference pattern from the test pattern generator 
and the pattern scanned in from the memory block and per 
forms a comparison operation. The result of the comparison 
operation is then passed through ?ip-?op 1004, Which gen 
erates a fault signal in the event of a mismatch betWeen the 
reference pattern and the scanned in pattern. 
[0045] In one embodiment, the memory circuit and test 
scheme can be any type of random access memory device that 
can be used in or integrated in any type of processor, co 
processor, arithmetic logic units, or other processing units. 
Such a processing unit can be a Graphics Processing Unit 
(GPU), or Visual Processing Unit (VPU), Which is a dedi 
cated graphics rendering device for a personal computer, 
Workstation, or game console. 
[0046] Aspects of the memory circuitry and test methodol 
ogy may be implemented as functionality programmed into 
any of a variety of circuitry, including programmable logic 
devices (“PLDs”), such as ?eld programmable gate arrays 
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(“FPGAs”), programmable array logic (“PAL”) devices, 
electrically programmable logic and memory devices and 
standard cell-based devices, as Well as application speci?c 
integrated circuits. Some other possibilities for implementing 
aspects include: microcontrollers With memory (such as 
EEPROM), embedded microprocessors, ?rmWare, software, 
etc. Furthermore, aspects of the memory test process may be 
embodied in microprocessors having softWare-based circuit 
emulation, discrete logic (sequential and combinatorial), cus 
tom devices, fuZZy (neural) logic, quantum devices, and 
hybrids of any of the above device types. The underlying 
device technologies may be provided in a variety of compo 
nent types, e.g., metal-oxide semiconductor ?eld-effect tran 
sistor (“MOSFET”) technologies like complementary metal 
oxide semiconductor (“CMOS”), bipolar technologies like 
emitter-coupled logic (“ECL”), polymer technologies (e.g., 
silicon-conjugated polymer and metal-conjugated polymer 
metal structures), mixed analog and digital, and so on. 
[0047] It should also be noted that the various functions 
disclosed herein may be described using any number of com 
binations of hardWare, ?rmware, and/ or as data and/or 
instructions embodied in various machine-readable or com 
puter-readable media, in terms of their behavioral, register 
transfer, logic component, and/or other characteristics. Com 
puter-readable media in Which such formatted data and/or 
instructions may be embodied include, but are not limited to, 
non-volatile storage media in various forms (e.g., optical, 
magnetic or semiconductor storage media) and carrier Waves 
that may be used to transfer such formatted data and/or 
instructions through Wireless, optical, or Wired signaling 
media or any combination thereof. Examples of transfers of 
such formatted data and/or instructions by carrier Waves 
include, but are not limited to, transfers (uploads, doWnloads, 
e-mail, etc.) over the lntemet and/ or other computer netWorks 
via one or more data transfer protocols (e.g., HTTP, FTP, 
SMTP, and so on). 
[0048] Unless the context clearly requires otherWise, 
throughout the description and the claims, the Words “com 
prise,” “comprising,” and the like are to be construed in an 
inclusive sense as opposed to an exclusive or exhaustive 

sense; that is to say, in a sense of “including, but not limited 
to.” Words using the singular or plural number also include 
the plural or singular number respectively. Additionally, the 
Words “herein,” “hereunder,” “above,” “beloW,” and Words of 
similar import refer to this application as a Whole and not to 
any particular portions of this application. When the Word 
“or” is used in reference to a list of tWo or more items, that 
Word covers all of the folloWing interpretations of the Word: 
any of the items in the list, all of the items in the list and any 
combination of the items in the list. 

[0049] The above description of illustrated embodiments of 
the memory test process is not intended to be exhaustive or to 
limit the embodiments to the precise form or instructions 
disclosed. While speci?c embodiments of, and examples for, 
processes in graphic processing units or ASlCs are described 
herein for illustrative purposes, various equivalent modi?ca 
tions are possible Within the scope of the disclosed methods 
and structures, as those skilled in the relevant art Will recog 
niZe. 
[0050] The elements and acts of the various embodiments 
described above can be combined to provide further embodi 
ments. These and other changes can be made to the dynamic 
leakage control system in light of the above detailed descrip 
tion. 
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[0051] In general, in the folloWing claims, the terms used 
should not be construed to limit the disclosed method to the 
speci?c embodiments disclosed in the speci?cation and the 
claims, but should be construed to include all operations or 
processes that operate under the claims. Accordingly, the 
disclosed structures and methods are not limited by the dis 
closure, but instead the scope of the recited method is to be 
determined entirely by the claims. 
[0052] While certain aspects of the disclosed embodiments 
are presented beloW in certain claim forms, the inventors 
contemplate the various aspects of the methodology in any 
number of claim forms. For example, While only one aspect 
may be recited as embodied in machine-readable medium, 
other aspects may likeWise be embodied in machine-readable 
medium. Accordingly, the inventors reserve the right to add 
additional claims after ?ling the application to pursue such 
additional claim forms for other aspects. 

What is claimed is: 
1. A scannable input/output circuit for a memory device 

comprising: 
a sense ampli?er receiving one or more bitlines, the sense 

ampli?er comprising a ?rst latch circuit functioning as a 
scan input circuit When the memory device is operated in 
a scan mode; and 

a second latch circuit coupled to the sense ampli?er, the 
second latch circuit producing an output based on data 
transmitted over the bitlines. 

2. The input/ output circuit of claim 1, further comprising: 
a multiplexer coupled to the sense ampli?er; 
a clock circuit coupled to the one or more bitlines; and 
a test pattern receive circuit synchronized With the clock 

circuit, and con?gured to receive test commands com 
prising a read pre-charge cycle triggered off of a rising 
edge of a clock signal generated by the clock circuit, a 
read command folloWing the read-precharge cycle, a 
Write-precharge cycle triggered off of a falling edge of 
the clock signal, and a Write command folloWing the 
Write pre-charge cycle. 

3. The input/output circuit of claim 2, Wherein the memory 
device is coupled to at least one other memory device, the 
input/output circuit further comprising a repair multiplexer 
circuit coupled to the second latch circuit and con?gured to 
bypass the memory device in the event of a fault caused by a 
circuit failure or bit failure in the memory device. 

4. The input/output circuit of claim 2, Wherein the memory 
device is coupled to at least one other memory device, the 
input/output circuit further comprising a scan multiplexer 
circuit coupled to the sense ampli?er, Wherein the sense 
ampli?er is con?gured to hold data for a full clock period 
When it is pulsed on the rising edge of the clock during a scan 
operation. 

5. The input/output circuit of claim 1 Wherein the memory 
device comprises at least a portion of a memory system that 
includes an integrated test Wrapper circuit, the integrated test 
Wrapper circuit comprising scan ?ip-?op circuits on both the 
input and output portions of the memory device and a com 
parator circuit to compare a test pattern input over the bitlines 
to a pattern stored in the memory in response to the test 
pattern. 

6. The input/output circuit of claim 6 Wherein the test 
pattern comprises a portion of a test routine consisting of 
back-to-back commands each command consisting of 
sequentially alternating logic loW and logic high bits. 




